Abstract. In the multimachine circumstances, it is difficult to analyze the steady state stability of each generator. In previous research, analysis of the steady state stability limit has been carried out but only look at the stability of the overall system. Therefore, to analyze the stability of each generator, the multimachine system must be changed into a Single Machine to Infinite Bus (SMIB) system by collecting all the loads into one central load in the infinite bus. The method to change from the multimachine system to SMIB system is presented in this paper. The multimachine system is converted into an equivalent impedance (req and xeq) and an equivalent load based on losses concept. After req and xeq is calculated, then by using steady state stability limit concept, the value of the maximum generation of each generator units can be determined. By means of maximum generation is the maximum output power limit that can be generated without causing unstability. ETAP simulation is used to validate the calculation results of the proposed method. The method was applied to units generator in Java Bali system 500 kV.
Introduction
The power balance between the load and the generator output power is one measure of the power system operation stability. In power system operation, load always changes in the capacity and location at any time, and this mean that the system requires each plant to adjust the output power through the control of the governor and excitation to follow the changes in the system load. If this is not done, it will decrease the power balance and the efficiency of the system causing the system performance deteriorated.
Electric power system generally consists of generating units connected to the network to serve the load. Electric power systems that have a lot of machines are usually distribute power to the load through the interconnected system. The main purpose of the interconnected system is to maintain the continuity and the availability for the increasing of the needs of electric power. The growing of the power system can result the poor performance when the system is disturbed. One effect of the interference on the system is the electromechanical oscillations, if not be attenuated can cause disruption of the system and turn out from the area of stability, resulting a worse effect as the total blackout [1, 2] .
In recent years, power systems are operated almost at the stability limit due to the use of out of date of the power system infrastructure construction compared to the increase in demand of electric power and the long-distance transmission system. If the load demand beyond the limits of the maximum power (active power and reactive power) that can be generated and transmitted from the source to the load area, and no improvement action is taken, the voltage load area will become unstable and collapse may occur.
Steady-state stability limit of the power system is steady state operating condition in which the power system is still in a stable condition but for a small change of the parameters of the operation will bring the system loses its stability [3] . Initial definition refers to the concept that "the stability of the system to the condition of load changes gradually and slowly change" [4] . Voltage collapse, causing the system to lose synchronism and instability caused by the strengthening of small oscillations of all forms of the steady state instability [5] .
Load flow method can be used to determine steady-state stability limit of a power system by increasing the load until the load flow process becomes not convergent. Continuation Power Flow Method (CPF) has also been frequently used to determine the relationship between the loading parameters to voltage at each bus. Both conventional methods have a weakness because they do not incorporate internal reactance generator value in the modelling and analysis. In addition, another weakness is in the computational because the looping iteration process of Load Flow and CPF method require a longer computing time so this method is not suitable to be implemented in the real-time monitoring system. Practical studies to determine the steady state limits have also been developed in Russia to decrease the mathematical equations of the Jacobian Dynamic but this method also requires computation time is much longer [5] .
In previous research analysis of the steady-state stability limit has been carried out [5] [6] [7] , but still these researches only look at the stability of the overall system, making it difficult to analyze the stability of each bus or generator.
In this paper, the losses concept is used to determine the maximum generation of units generator on each generator bus. Maximum generation of generator is influenced by several factors: source voltage, phase angle and networks impedance value [8] . Equivalent network impedance can be determined by knowing the losses in the network, then the multimachine system can be changed into SMIB system with an equivalent impedance and an equivalent load. Note that the determination of equivalent impedance value using losses concept has used in [8] and [9] , but the change from the multimachine system to Single Machine to Infinite Bus (SMIB) system is not provided. Maximum generation of generator is a generator steady state stability limit that can be calculated after the network impedance is obtained.
Concept of single machine steady state stability
Electric power system is defined as a collection of some of the power stations and substations, which are interconnected by transmitting nets each other. Transmission nets form a unified system known as interconnection system. With the interconnection system, the system will be more reliable because of interconnected systems can assist other systems in sending power requirement if one of the systems in plants have a short fall or trip.
Interconnection system in operating system aims to obtain a combination of electric power generation as economical as possible, so achieving a balance between the power available and the power needed. System interconnection between the generators of the power system shown in Figure 1 [10] .
To analyze the steady state stability of each generator, the multimachine system must be changed to SMIB system first. The method to change the multimachine system to SMIB system will discuss in section III.
If the system is considered to have no power loss, the power generated equal to the power delivered to the infinite bus. The equation for PG written as:
(1) Figure 2 shows a synchronous generator connected to an infinite bus. Bus voltage V is the constant magnitude when the net is very large (infinite). Assuming the generator operating at fixed excitation, maintaining fixed E and fixed X e , then P G is a function of the power angle δ. Characteristics power-angle shown in Figure 3 . The maximum power is delivered to an infinite bus occurred at δ = 90°. Equation (1) can be written as:
(2) Stable system occurs in less than Pmax value, which occurs at δ < 90. This can be explained as follows: suppose that the generator works in steady state conditions and transmit power PG 0 on initial power angle δ0 as shown in the picture angle-power characteristics in point a in Figure 3 . At a point turbine output PT 0 equal to the power generated (losses ignored). If there were no changes, the steam valve (throttle valve) which controls the turbine generator is opened slowly. Mechanical power input will be higher than the electrical output power. This power is equal to the difference ΔP T  P T  P G. Because there is an imbalance of power, then the speed will be slightly up and power angle will also rise. When the power angle δ rise from δ0, the electric power generator will rise. The increase in power will match with the increase in power output of the turbine. The operating system will be stable with the new power angle δ. Whenever valve steam (water) is opened and steam (water) increases, the output of electric power generators will rise.
Suppose turbine output is increased gradually until the point c (the characteristic power-angle), then the maximum power will be achieved. If the increase of power turbine continues, then the power angle will rise, while the power received by the infinite bus will drop. So that the difference between the input and output increase and will accelerate the rotation generators greater.
When the power angle is increased beyond the angle of 90°, the received power will drop rapidly and becomes zero at the angle of 180°. The acceleration of the generator rotor will increase. In other words, if the power angle is increased beyond 90°, the synchronism is lost.
Pmax is the steady-state stability limit of the system which is the maximum power that can be delivered under slow disturbance. If an attempt is made to transmit power over this power limit, the synchronism is lost. The maximum power is also referred to as the pull-out power [6] .
where X is the reactance transfer between E and V,
It can be concluded that the maximum power that can be transferred by the generator is very dependent on the reactance network. If the generator transfers beyond this maximum power limit, that can be instability as loss of synchronization on the generator. If the load still increases, the stator and rotor magnetic coupling will be loose.
3 Reduction of the multimachine system to SMIB system using losses concept Electric power system is a large system with multi generators (multimachine). If the generator stability analysis should be carry out in multimachine system, it will be very difficult. Therefore, the multimachine system as shown in Figure 4 must be changed to a Single Machine to Infinite Bus (SMIB) system first.
The procedure to change the multimachine system to SMIB system and the maximum generation calculation procedure (Pmax) of each generator unit can be explained as follows:
i. Prepare the power system data. Run the load flow with all generators are off except the observed generator (the one that stability will be analyzed and which the equivalent impedance will be calculated). ii. Calculate the current value I of the observed generator using the following equation:
where: Sin = generated complex power of generator Vi = voltage of bus I S L = P L + jQ L with S L , P L and Q L are complex power losses, active power losses and reactive power losses between two bus, respectively.
iii. Equivalent current is equal with the observed generator current. iv. Calculate the equivalent value of r eq and x eq using the following equations:
 cos Z = r eq eq (8) and  sin Z = x eq eq (9) v. Calculate E using Equation 5 . vi. Determine the maximum generation of observed generator which is the generator steady-state stability limit using Equation 3. vii. Repeat this procedure for all generators. 5 . The procedure to change the multimachine system to SMIB system. Figure 5 shows the procedure to change the multimachine system to SMIB system. The multimachine system is converted into an equivalent impedance and an equivalent load as shown in Figure 6 . 
Simulation and results
The simulation using the 500 kV transmission system of Java-Bali that consisting of one swing bus, seven generator bus and 17 load bus. Figure 4 shows a picture of SLD (Single Line Diagram) of Java-Bali system 500 kV. There are eight generators in the Java-Bali system 500 kV. The generator is connected to the load bus through the lines with the different conductor type. The Java-Bali system 500 kV data is contained in Table 1, Table 2, and Table 3 . Table 1 . Transmission system data of Java-Bali 500 kV. Table 3 . Generator reactance data of Java-Bali 500 kV. The simulations is performed with the load is 11 278 MW. Data loading is presented in Table 4 .
Bus
The simulation steps in finding the steady state stability limit (P max ) for each generator are as follows:
i. The generator on bus 11 is used as observed generator. The load flow result with all generators are off except the observed generator on bus 11 is presented in Table  5 . ii. From Table 5 , we can see that the generated power of generator is 536.027 MW and 211.426 MVar. Voltage of bus 11 is 1.00 pu. The active power losses is 1.027 MW and the reactive power losses is 220.448 MVar. iii. Calculation result for the current value I of the observed generator using Equation 6 is 665.358 A. iv. The r eq value and the x eq value can calculate using Equation 7, Equation 8 and Equation 9 , and we get 0.0000092792 j 0.00199184. v. We can determine the maximum generation of observed generator which is the generator steady-state stability limit using (3), and be obtained 668.929 MW vi. Repeat this procedure for all generators. The calculation results of r eq and x eq value using the losses concept as described in section III can be seen in Table 6 . Load flow analysis in ETAP simulation is used to validate the calculation results. The observed generator is turned on and others are turned off. Rated load is increased gradually until reached a state where if the loading value is raised again the load flow process becomes divergent. The generating value that is obtained before the load flow process divergent is the maximum limit of the generation which is a steady state stability limit of the generator.
The calculation results of Pmax which is a steady state stability limit of each generator unit compared with result of ETAP simulation can be seen in Table 7 . 
Conclusion
P max calculation result obtained by the proposed method is not much different compared with the results obtained by the ETAP simulation. It can be concluded that, the method to change multimachine system into SMIB presented in this paper can be applied and determination of r eq and x eq value based on the network losses concept can be done. By using the proposed method, steady state stability limit of each generator in a multimachine system can be determined easily. It will be very useful for guiding the operator in operating their generator safely.
